Aims/hypothesis We sought to determine the impact of longstanding type 1 diabetes on haematopoietic stem/progenitor cell (HSC) number and function and to examine the impact of modulating glycoprotein (GP)130 receptor in these cells. Methods Wild-type, gp130
treated with streptozotocin to induce type 1 diabetes. Bone marrow (BM)-derived cells were used for colony-formation assay, quantification of side population (SP) cells, examination of gene expression, nitric oxide measurement and migration studies. Endothelial progenitor cells (EPCs), a population of vascular precursors derived from HSCs, were compared in diabetic and control mice. Cytokines were measured in BM supernatant fractions by ELISA and protein array. Flow cytometry was performed on enzymatically dissociated retina from gfp + chimeric mice and used to assess BM cell recruitment to the retina, kidney and blood. Results BM cells from the 12-month-diabetic mice showed reduced colony-forming ability, depletion of SP-HSCs with a proportional increase in SP-HSCs residing in hypoxic regions of BM, decreased EPC numbers, and reduced eNos (also known as Nos3) but increased iNos (also known as Nos2) and oxidative stress-related genes. BM supernatant fraction showed increased cytokines, GP130 ligands and monocyte/macrophage stimulating factor. Retina 
Introduction
Bone marrow (BM)-derived cells contribute to vascular repair and tissue perfusion, and their use has spawned the field of therapeutic revascularisation [1] [2] [3] [4] . However, they can participate not only in physiological repair but also in pathological neovascularisation. BM-derived endothelial progenitor cell (EPC) number in the circulation is reduced in diabetic individuals with non-proliferative diabetic retinopathy [5] , and in animal models of diabetes [6] . A reduction in circulating progenitor cell number marks the clinical onset of type 2 diabetes [7] . This loss of EPCs is implicated in the pathogenesis of the vasodegenerative phase of diabetic retinopathy and in the generalised poor angiogenesis, as seen in reduced wound healing in poorly controlled diabetic patients. In contrast, increased numbers of EPCs have been implicated in the 'angiogenic paradox' seen as increased neovascularisation in proliferative diabetic retinopathy [8] .
In diabetic animals and humans, not only are the numbers of EPCs affected, but EPCs also become dysfunctional [9] . Diabetes affects their mobilisation [10] , proliferation and homing, and these deficiencies contribute to development of vascular complications [11] [12] [13] . Increased levels of reactive oxygen species (ROS) [14] , reduced bioavailable nitric oxide (NO), and increased levels of proinflammatory mediators are implicated in the pathogenesis of EPC reparative dysfunction in diabetes [15, 16] .
The BM is also the source of myelomonocytic cells [17] , which contribute to diabetes-associated inflammation [18] and which, when blocked, can prevent development of retinopathy [19, 20] . The increase in local cytokine levels [9] , in particular IL-6 [21] , IL-8 [22] and TNF-α [23] , affects the function of white blood cells, such as monocytes, shifting them towards a 'proinflammatory' phenotype [9] while simultaneously inhibiting the proliferation of EPCs [23] . Moreover, increased production of the inflammatory factor, monocyte/macrophage colony-stimulating factor (M-CSF), by stromal cells shifts haematopoiesis towards generation of monocytes [24] . A series of key cytokines that bind to glycoprotein (GP)130, the receptor for IL-6/leukaemia inhibitory factor (LIF), have been implicated in diabetic vascular dysfunction [25] . In this study, we sought to determine the impact of long-standing type 1 diabetes on haematopoiesis and haematopoietic stem cell (HSC) function and specifically examined the impact of modulating GP130 receptor in these cells on their function.
Methods
Mouse model of type 1 diabetes All animal studies were approved by the Institutional Animal Care and Use Committee at the University of Florida, University of Oklahoma, and Case Western University. C57BL/6 mice were purchased (Jackson Laboratory, Bar Harbor, ME, USA) and made diabetic by streptozotocin (STZ) injection as described [26] . Please refer to the electronic supplementary material (ESM) (Methods, section 1.1) for details.
Mouse gp130
−/− model studies Tissue-specific deletion of GP130 was accomplished using Tie2-cre transgenic mice, expressing cre recombinase in vascular endothelial cells and all BM-derived cells [27] . Tie2-cre mice were mated with GP130-floxed (gp130 f/f ) mice [28] . Mice were inbred to produce Tie2-cre/gp130 f/f mice, with >95% deletion of GP130 in vascular endothelial cells and BM-derived cells [27] . Diabetic mice with blood glucose levels >13.8 mmol/l were used for the study.
GFP chimeric mice studies GFP BM chimeric mice were generated as previously described [4] . Briefly, BM was harvested from the femur of gfp + transgenic (homozygous) mice. From the total BM cells, the c-Kit + Sca-1 + HSCs were enriched by flow cytometry using anti-c-Kit and anti-Sca-1 antibody (BD Biosciences, San Jose, CA, USA). Cell purity was assessed by flow cytometry. HSCs were then injected into lethally irradiated adult C57BL/6J mice in the retroorbital sinus. After 1 month, successful engraftment was confirmed by flow cytometry analysis of blood from the recipient mice.
Colony-forming assay using Lineage − c-Kit + Sca-1 + (LSK) cells LSK cells were isolated according to the manufacturer's instructions (STEMCELL Technologies, Vancouver, Canada) and were plated on methocult medium (STEMCELL Technologies). Colonies were assessed for colony forming units (CFU)-G (granulocyte colonies), CFU-M (macrophage colonies) and CFU-GM (granulocyte-macrophage colonies). Please refer to the ESM for detailed methods (Methods, section 1.2 to 1.5). For generation of early endothelial progenitors (eEPCs), bone marrow mononuclear cells (BMMNCs) were isolated from diabetic and control mice, and equal numbers of cells were plated on fibronectin in the presence of 20 ng/ml granulocyte colony-stimulating factor (G-CSF) at day 0. After 2 days, non-adherent cells from fibronectin-coated dishes were replated on to new six-well dishes. At day 5-7, the number of eEPC colonies was determined manually.
To generate endothelial colony-forming cells (ECFCs), equal numbers of BMMNCs were plated on collagen in the presence of 20 ng/mlG-CSF. ECFCs were obtained after 3-4 weeks from adherent cells.
Measurement of fat and water content by proton magnetic resonance spectroscopy (MRS) 1 H single-voxel spectroscopy of BM was performed at 11.1 T magnetic field strength (470 MHz) (Bruker Biospin, Billerica, MA, USA) using Paravision 3.0.2 software (Bruker) to determine BM fat vs water ratio in diabetic (n016) vs non-diabetic (n014) mice. Data analysis was performed using XWin-NMR 3.0.2 software (Bruker). The method has been described in detail in the ESM (Methods, section 1.6).
Studies with mouse progenitors Real-time PCR was performed using a 7500 Fast Real Time System (ABI Biosystems, Foster City, CA, USA). The in vitro migration assay was carried out according to the manufacturer's instructions (Chemicon International, Temecula, CA, USA), and NO generation was measured as previously described [29] . Please refer to the ESM for detailed methods (Methods 1.7 to 1.9) and information about the primers (ESM Table 1 ).
Studies with BM supernatant fraction BM was flushed with PBS, and cells were removed by centrifugation. The supernatant fraction was concentrated with an ultracentrifugation filter unit (Millipore, Bedford, MA, USA) and analysed for cytokines and growth factors by ELISA (R&D Systems, Minneapolis, MN, USA) and a luminex bead-based immunoassay platform (Assaygate, Ijamsville, MD, USA). Data were plotted as pg or ng of analyte per total amount of protein. Activity of matrix metalloproteinase (MMP)-9 was measured as described previously [30] . Detailed methods are described in the ESM (Methods 1.10).
Höechst and pimonidazole binding in vivo followed by FACS analysis of anti-pimonidazole staining and side population (SP) analysis Murine HSCs were identified as described previously [31, 32] . Hypoxic cells were detected in BM by pimonidazole binding using a modified intracellular staining and flow cytometry method as described previously [33] . Please see details of these methods in the ESM (Methods 1.11).
Enumeration of monocytes and mobilisation from BM using G-CSF and AMD3100 Recombinant human G-CSF (125 μg/kg) was administered to control (n06) and diabetic (n06) mice every 12 h for a total of eight intraperitoneal injections [34] , and blood was collected and analysed for Ly6C hi and CCR2 hi monocytes. In addition, AMD3100 (5 mg/kg; Sigma, St Louis, MO, USA) was injected into the diabetic mice 3 h after the last G-CSF injection [34] , and blood was also analysed for monocytes and endothelial progenitor cells.
Statistical analysis Data are presented as mean±SEM. Student's t test followed by Mann-Whitney or one-way ANOVA followed by Tukey's post hoc test were used for statistical analysis using GraphPad Software (La Jolla, CA, USA). p<0.05 was considered significant.
Results
Long-standing type 1 diabetes results in deterioration of the BM microenvironment LSK cells isolated from BM from 6-month-diabetic mice showed a 12% decrease, whereas after 12 months of diabetes a 55% decrease (p<0.05) in the total number of colonies was observed compared with controls ( Fig. 1a, b ). Colonies were able to incorporate DiIlabelled-acetylated LDL (DiI-Ac-LDL) (Fig. 1c) ; the cells gave rise to eEPCs and ECFCs (Fig. 1d ) as well as expressing eNos (also known as Nos3) (Fig. 1e) . eEPCs expressed Kdr, Cd68, Cd14 and Cd45, whereas ECFCs expressed Kdr, Cd31 (also known as Pecam) and Tie2 (also known as Tek). Compared with cells isolated from age-matched control mice, a significant reduction in the numbers of eEPCs was observed after 6 months of diabetes (p < 0.05) (ESM Fig. 1a ), while the total number of ECFCs showed a reduced trend, without reaching significance (ESM Fig. 1b ). In addition, the total number of BMMNCs was reduced in 6-month-diabetic compared with age-matched control mice, although the numbers were comparable in 12-monthdiabetic and age-matched control mice (ESM Table 2 ).
The BM microenvironment niches are composed of stromal/vascular/adipocyte cells and matrix which regulate HSC and progenitor cell behaviour. Adipocytes represent a key cell population which, when present in excess numbers, can negatively regulate haematopoiesis [35] . Less is known about the fat composition of type1 diabetic BM; therefore, we assessed fat content by non-invasive proton MRS in these mice. Unexpectedly, we observed a nearly 50% reduction in the BM fat ratio in 6-month-diabetic mice compared with control mice (Fig. 2) , suggesting that the reduced numbers and function of LSK cells, eEPCs and ECFCs was not due to the changes in BM fat content.
Diabetes results in a depletion of SP-HSCs SP-HSCs were enumerated by low level binding and rapid efflux of Höechst 33342 (a cell-permeable DNA stain which is rapidly excluded by SP-HSCs because of ABC transporters) in 6-and 12-month-diabetic mice. Compared with controls ( Fig. 3a) , a 19% decrease in SP-HSCs was observed in the 6-month-diabetic mice (Fig. 3b) , and a 93% decrease in 12-month-diabetic mice (Fig. 3c) , showing a progressive depletion of this primitive stem cell population.
A subfraction of SP-HSCs demonstrate increased pimonidazole retention To detect HSCs that were present in hypoxic niches, we administered the hypoxia probe pimonidazole (which in a hypoxic environment binds to -SH-containing molecules and accumulates in tissue) i.v. to diabetic and control mice before killing them. A pimonidazole-specific antibody was used to detect pimonidazole + cells. In Fig. 4 (left panel), the majority of cells have higher fluorescence and are not shown on the scale. In all cases, the low Höechst regions encompass the HSCs. Region 1 (R1) represents mature haematopoietic cells (right panels), and region 2 (R2) represents the more primitive SP-HSCs (centre panels). As expected, SP-HSCs (R2) bound pimonidazole to a greater degree than the mature haematopoietic cells (Fig. 4) . Cells in R1 and R2 from 4-month-diabetic mice showed only a small shift of pimonidazole staining compared with control mice. In contrast, cells from the 11-month-diabetic mice showed a prominent shift of pimonidazole staining compared with age-matched controls (R2 in Fig. 4) , Effect of diabetes on Nos, NADPH oxidase 2 (Nox2 [also known as Cybb]) and MMP expression We measured all three Nos isoforms, nNos (also known as Nos1), eNos and iNos, in these cells. nNos was undetectable. eNos was undetectable in 6-and 12-month-diabetic mice and was significantly lower in 12-month control compared with 6-month control mice, suggesting an age-related decline in eNos (data not shown). BMMNCs isolated from the 12-month-diabetic mice showed a 31±3.3-fold increase in iNos compared with controls (p<0.05) (Fig. 5a ), while iNos expression from 6-month-diabetic mice was comparable to controls.
We reasoned that perhaps increased oxidative stress leading to peroxynitrite generation from iNos-generated NO may contribute to the stem cell dysfunction [36] , therefore we measured expression of Nox, Nox2, Nox3, Nox4, p22phox (also known as Cyba), p47phox (also known as Ncf1) and p67phox (also known as Ncf2), key components that can contribute to ROS generation in BMMNCs. The only detected isoform in these cells was Nox2, which is consistent with a previous report [37] . Furthermore, no detectable difference in Nox2, p22phox, p47phox and p67phox expression was observed between 6-month-diabetic mice and controls (data not shown). However, by 12 months, a 2.0-fold, 1.3-fold, 2.6-fold and 13.0-fold increase in Nox2, p22phox, p47phox and p67phox was observed, respectively, in diabetic mice compared with controls (Fig. 5a) .
BM cells express a wide array of adhesion molecules for attachment to the network of stromal cells. Proteolytic enzymes, such as MMPs, regulate progenitor release from these BM niches. The activity of MMP-9 in the BM supernatant fraction was measured, and age rather than diabetes (ESM Fig. 2) had the more profound effect.
Type 1 diabetes affects the levels of growth factors and cytokines in the BM microenvironment The levels of stromal cell-derived factor (SDF)-1α, vascular endothelial growth factor (VEGF) and insulin-like growth factor binding protein-3 (IGFBP3), critical hypoxia-regulated factors that diabetes) compared with control and short-term type 1 diabetes. n03 mice per group; representative images of three independent experiments. Ho, Höechst   Fig. 4 Low-oxygen microenvironment detection in diabetic and control mice BM. Low-oxygen microenvironments were detected using pimonidazole (PIM) uptake. The BMMNCs were stained with Höechst (Ho) 33342, and then the cells were washed to allow Höechst efflux. Cells from 4-month-diabetic (a-c), 4-month control (d-f), 11-monthdiabetic (g-i) and 11-month control (j-l) mice are shown. The majority of cells show higher fluorescence and are off the scale (a, d, g and j). Region 1 (R1) (c, f, i and l) is composed of more mature cells, and region 2 (R2) (b, e, h and k) is primitive HSCs. As can be seen, the more differentiated cells essentially did not take up the pimonidazole. Representative images of three independent experiments; n03 mice per group. MdCF, median channel fluorescence; FSC-H, forward scatter-height influence progenitor cell behaviour, were measured in BM supernatant fraction. SDF-1α levels showed a 1.96-fold increase after 12 months of diabetes compared with control mice (Fig. 5b) . No change, however, was observed in VEGF levels among the groups (data not shown). IGFBP3, produced by BM stromal cells to support HSC proliferation, was comparable in controls and diabetic mice at 12 months (data not shown); however, Igfbp3 mRNA in the diabetic cells was 2.25-fold higher than in controls (p<0.05; data not shown), suggesting that in the diabetic BM supernatant fraction, IGFBP3 may be degraded [38] . There was no significant difference in IGF-1 and stem cell factor (data not shown) in diabetic compared with control mice.
We next compared the levels of IL-1β, IL-10, TNF-α, IL-6, IL-3, granulocyte-macrophage colony-stimulating factor (GM-CSF), G-CSF and M-CSF in BM supernatant fraction of the diabetic and control mice. Longer duration of diabetes resulted in increased IL-3, IL-10, IL-1β and TNF-α level compared with controls (Fig. 5b) . In addition, GM-CSF was not detected, and G-CSF was not significantly altered (Fig. 5b) . However, M-CSF, which promotes the generation of monocytes [24] , was significantly increased in the diabetic supernatant fraction (5.86±0.68 pg/mg) compared with controls (2.52±0.31 pg/mg). This is consistent with our observations that more CFU-M and CFU-GM colonies were generated by BM cells isolated from diabetic mice (ESM Fig. 3 ).
CD45
+ /CCR2 + /Ly6C + positive monocytes are detected in the diabetic retina We next asked whether there was an increase in extravasation of BM-derived cells in the diabetic retina, in particular the deleterious monocyte subset that is CCR2 + . Using gfp chimeric mice made diabetic with STZ, we observed, as previously, that GFP + cells enter the retina [39] . In Fig. 6 hi monocytes were increased compared with controls (ESM Fig. 4a, b) .
We next evaluated mobilisation from the BM of monocytic cells and VEGFR2 + /CD133 + cells, an EPC population. No significant difference in Ly6C hi /CCR2 hi monocytes was found after G-CSF treatment in diabetic compared with control mice. However, in diabetic mice, injection of AMD3100 (a potent antagonist of the CXCR4 receptor) in addition to G-CSF resulted in a 78% increase in CCR2 + /Ly6C + monocytes in blood compared with injection of G-CSF alone (ESM Fig. 5 ). EPCs were also increased in the blood (about threefold compared with unstimulated control cells, n03) and spleen of the mobilised diabetic mice (data not shown).
HSCs from type 1 diabetic gp130 knockout mice have increased ability to migrate coupled with increased generation of NO The family of cytokines that bind GP130 includes IL-6, IL-11, IL-27, LIF, oncostatin M (OSM), ciliary neurotrophic factor and cardiotrophins and have been implicated in diabetes [40] . A threefold increase in OSM was observed in 12-month-diabetic mice compared with controls (Fig. 7) . IL-27 was significantly higher after both 6 (2.4-fold change) and 12 months (2.6-fold change) of diabetes. LIF in the diabetic mice was threefold higher after 12 months compared with controls (Fig. 7) . In contrast, IL-11, IL-6 and cardiotrophin-1 showed no difference between control and diabetic mice at either time point (data not shown). These results suggest that the BM supernatant fraction of type 1 diabetic mice shows increased production of selected ligands of GP130, specifically IL-27, LIF and OSM.
Since IL-6 is increased in the serum of type 1 diabetic patients [41] , we were surprised to find that IL-6 did not show a difference in the BM supernatant fraction between , in BM supernatant fractions shows that duration of diabetes has a differential effect on cytokine expression. The key homing factor for endothelial progenitors, SDF-1, increases in the BM supernatant fraction in type1 diabetic mice (*p<0.05 12-month control vs 12-month-diabetic). n04 mice per group control and diabetic mice; however, the supernatant fraction represents the cumulative secretion of a vast number of different cell types. We therefore asked whether Il6 was increased in the diabetic HSCs. HSCs isolated from 6-month-diabetic mice showed a fivefold increase in Il6 (Fig. 8a) and a fourfold increase in Lif expression compared with controls (Fig. 8a) . Moreover, pretreatment of the control HSCs with IL-6 (10 ng/ml) significantly reduced their migratory ability compared with untreated cells (p<0.05; Fig. 8b ). Since IL-6, LIF, OSM and IL-27 were increased in diabetes and these factors mediate their effects through GP130, we next examined whether deletion of GP130 in BM cells would correct key aspects of diabetes-associated dysfunction such as migration and NO generation. As shown in Fig. 8c, d , HSCs isolated from diabetic gp130 −/− mice showed a 1.8-fold increase in 4-amino-5-methylamino-2′,7′-difluorescein (DAF-FM) fluorescence in response to VEGF compared with wild-type diabetic mice. Moreover, HSCs isolated from diabetic gp130 −/− mice showed a ninefold increase in migratory response to SDF-1α compared with diabetic wild-type mice (Fig. 8e) . Thus, in the diabetic environment, GP130 signalling in the BM appears to exacerbate HSC dysfunction.
Discussion
In this study, we identify several highly novel findings. True stem cells, the LTR-HSCs, appear to reside in the hypoxic niches of the BM where these cells may find protection from the harmful diabetic milieu. Key EPC populations found in the BM, responsible for systemic vascular repair, are decreased in long-term diabetes. This may be due to a shift in haematopoiesis towards generation of increased monocytes, specifically CCR2 + monocytes and away from the reparative EPCs. BM-derived monocytes can 'home' to the target tissues of diabetic complications, such as the retina and the kidney. An increase in detrimental monocytes along with reduced numbers and function of reparative EPCs may contribute to the pathogenesis of microvascular complications. Second, reducing GP130-mediated signalling can correct several aspects of diabetes-associated dysfunction in HSCs, such as migratory defects and NO generation, and may protect against the development of pathological changes.
Our studies also suggest that diabetes induces marked changes in HSCs within the BM compartment [42] . The low-oxygenated microenvironment maintains stem cell quiescence, with HSC differentiation occurring along the oxygen ascent towards the vasculature [43] . SP-HSCs that remain in the diabetic mouse are found only in the more hypoxic regions of the BM, which may represent a strategy to allow their survival and normal regulation. SP-HSCs have been shown to seek these niches for 'protection' and proper regulation by stromal cells. However, an alternative explanation is that, in diabetes, these regions of hypoxia simply increase as part of 'generalised' diabetes-induced ischaemia, as we observed an increase in the number of pimonidazole + cells with the increase in duration of diabetes. One limitation of the study, however, is that we did not perform direct immunohistochemical localisation of these cells within the hypoxic BM niches.
Changes in fat/water ratio of the BM influence haematopoietic activity of progenitor populations [35] . In mice with type 1 diabetes for up to 6 months, using the technique of MRS, we observed a decrease in the fat peak. In contrast, studies by Botolin et al found increased adiposity [44, 45] . However, they measured the expression of adipocyte markers (peroxisome proliferator-activated receptor γ2, resistin and adipocyte fatty acid-binding protein) by RT-PCR and histology (trichrome staining to evaluate lipiddense adipocytes) rather than the MRS approach we used. Furthermore, there were strain (BALB-C vs C57BL6) differences between the studies [45] . As type 1 diabetes is associated with decreased body, liver and peripheral adipose tissue weight compared with controls [46] , our results suggest that the adipose content of the BM acts similarly to that of other sites. While our data suggest that there might be an influence of fat content on haematopoietic function, we are unable to draw any firm conclusions and this remains an important area of future research.
The loss of eNos mRNA in the diabetic BM progenitors probably contributes to their reparative dysfunction and reduced migratory function. Interestingly, the increased iNos expression, which may reflect the proinflammatory milieu, does not correct this defect, perhaps because of the increased oxidative stress which would lead to formation of peroxynitrite. Moreover, low levels of endothelial NO synthase contribute to low bioavailable NO. The increased oxidative stress, as observed by increased NADPH oxidase, further compromises bioavailable NO levels within these cells [36] . Our work is in agreement with that of Oikawa et al [42] , which identified increased oxidative stress and activation of the NADPH oxidase system in the diabetic progenitors at early time points.
Our studies examined diabetes of greater duration, i.e. 48 weeks rather than 30 weeks, the longest duration of diabetes studied by Oikawa et al [42] . Interestingly, the age-related increase in SDF-1 and IGFBP3 levels in the BM would serve to trap progenitor cells within the BM compartment and potentially reduce their mobilisation into the circulation; this effect appeared to be independent of the presence of diabetes. While MMP, SDF-1 and IGFBP3 levels were more affected by the ageing process than the presence of diabetes, several diabetic-specific effects were also observed. In BM supernatant fraction from diabetic mice, we observed an increase in inflammatory cytokine levels for IL-1β, TNF-α and IL-3 and also IL-10. The increase in IL-10 may represent a physiological compensation by this anti-inflammatory factor. While IGF-1 was unchanged in our study, IGFBP3, which has profound effects on progenitor populations, increased with age, which we interpret as a beneficial 'compensatory' response much like the IL-10 response.
In addition, our results suggest that the reduced numbers of HSCs in diabetic BM may contribute to the pathogenesis of the vasodegenerative phase of diabetic retinopathy by the generation of fewer EPCs. As shown in Fig. 6 , inflammatory monocytes can extravasate into the retina and contribute to retinal pathology, and we observed a similar increase in CCR2 + monocytes in the diabetic kidney. Previously, we showed a decrease in TH + nerves in diabetic rats [39] , and Maestroni et al [47] established that regulated production of monocytes was under an inhibitory noradrenergic tone, suggesting that loss of this noradrenergic influence, as is seen in rodents with diabetic peripheral neuropathy, would result in the generation of more monocytes [48] , which is exactly what we observed in our type 1 diabetic model. We show that these mouse monocytes express CCR2 + , which characterises them as reactive cells that are actively recruited into diabetic retina and kidney and can contribute to the observed pathology. Thus our studies strongly support the idea that type 1 diabetes-induced BM changes can drive vascular pathology and promote inflammation to promote diabetic complications.
In the BM supernatant fraction, we also examined the abundance of ligands that bind GP130 and found that OSM, IL-27 and LIF were increased at 6 months of diabetes compared with controls. Both LIF and IL-6 are involved in augmenting inflammatory responses [49] and were found to be highly expressed by the diabetic HSCs compared with control cells. Previously, it has been shown that mice that lacked GP130 in haematopoietic and endothelial cells developed BM dysfunction [27] . We found that GP130-deficient mice, when made diabetic with STZ, showed enhanced NO generation and migration compared with wildtype diabetic mice. These results support the notion that blocking GP130 is a viable strategy for correcting diabetesassociated progenitor dysfunction.
In summary, the present study demonstrates that significant changes occur in the BM of mice with 12 months duration of diabetes, with remarkable exhaustion of the most critical primitive HSC compartment. In addition to loss of these primitive cells, we observe a skew in haematopoiesis, with reduced numbers of reparative EPCs but increased numbers of inflammatory CCR2 + monocytes. These changes probably accelerate pathology by driving systemic and tissue inflammation in the absence of sufficient endothelial repair. Our studies also support the contention that a GP130 antagonist, by correcting diabetic EPC dysfunction, could serve to reduce diabetic microvascular complications.
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